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Field trials were conducted in small-scale farmers' grain stores in an aﬂatoxin endemic region to assess
the effect of storing maize in triple layer hermetic (PICS™) bags on aﬂatoxin contamination. Shelled
maize grain was purchased from farmers, and ﬁlled into PICS bags, woven polypropylene (PP) and jute
bags and kept in the farmers' own stores for 35 weeks. Grain moisture content, total mould count and
mould incidence levels were examined at onset and after every 7 weeks during the 35 weeks of storage.
Aﬂatoxin contamination was examined at onset, and after 14, 28 and 35 weeks. Ambient temperature
and r.h. in the trial site and in all the bags, as well as oxygen and carbon dioxide levels in the PICS bags
were also monitored. Initial moisture content (m.c.) of maize varied from farmer to farmer and ranged
between 12.4 and 15.0%. The m.c. of maize stored in PICS bags remained signiﬁcantly higher (P < 0.05)
than in PP and jute bags in the last 14 weeks of storage. Total mould count and aﬂatoxin contamination of
maize stored at an initial m.c.< 13% and 13%  m.c.14% increased signiﬁcantly in PP and jute bags but
not in PICS bags. After 35 weeks, total aﬂatoxin of maize stored in the PICS bags at an initial m.c.< 13%
and 13% m.c.14% did not change where as it increased 5e8 folds in the PP and jute bags. Total mould
count and aﬂatoxin contamination of maize stored at an initial m.c.> 14% increased profusely in the three
types of bags. Our ﬁndings demonstrate that storing maize in PICS bags can prevent accumulation of
aﬂatoxin in rural farmers' stores if grain moisture is <14%.
© 2016 Elsevier Ltd. All rights reserved.1. Introduction
Maize (Zea mays L.) is a main food and income crop for many
households in Sub-Saharan Africa. As a food resource, it accounts
for 40% of total dietary intake in Eastern and Southern Africa (Doss
et al., 2003; Kimanya et al., 2008). The bulk of production is carried
out by small-scale farmers who cultivate less than 5 ha of the crop
annually due to resource constraints. However, biotic and abiotic
factors, especially after harvesting, contribute to losses in quantity,
quality (safety and nutritional value), and economic value of the
grain available for consumption or trade (World Bank, 2010). A
main biotic cause for postharvest losses inmaize is mould infection.
Maize becomes infected at any stage of production includingn, Kenya.
tungi).cultivation, harvesting, drying, storage, transportation, and mar-
keting. A variety of moulds such as Fusarium, Aspergillus, and
Penicillium spp are often involved (Quezada et al., 2006; Blandino
et al., 2009; Chulze, 2010). The infection not only reduces quality
of the maize through discoloration and reduction of nutritional
value (Ehrlich, 2007), but also culminates in deposition of toxic
metabolites when the colonizing fungi are mycotoxigenic, and the
conditions favour production of the toxins (Bennet and Klich, 2003;
Wagacha and Muthomi, 2008).
Stored maize may be infected by three main aﬂatoxigenic spe-
cies of the genus Aspergillus, namely, Aspergillus ﬂavus, Aspergillus
parasiticus, and Aspergillus nomius (Peraica et al., 1999; Guo, 2000).
Aﬂatoxin contamination of maize is almost exclusively by A. ﬂavus,
which produces aﬂatoxin B1 and B2 (Mutungi et al., 2008). Typi-
cally, A. ﬂavus grows optimally at 25 C with a minimum water
activity (aW) of 0.75 (Parry, 1990; Oladiran and Iwu, 1993), but the
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moisture content above 14%, temperature of 28e30 C, and aW of
0.83e0.97 (Oladiran and Iwu, 1993). The oxygen - carbon dioxide
ratio, physical integrity of the grain, initial level of A. ﬂavus infec-
tion, presence of competing moulds, pest activity, and genetic
properties of the grain have also been reported to determine the
degree of contamination and subsequent aﬂatoxin contamination
(Diener et al., 1987).
Contamination of maize and other food commodities with af-
latoxins is of great public health concern because of the ability of
aﬂatoxins to cause human and animal diseases (CDC, 2004; Gong
et al., 2004). Aﬂatoxin has been implicated in acute and chronic
aﬂatoxicosis, genotoxicity, hepatocellular carcinoma, suppression
of the immune system, aggravation of kwashiorkor, and impaired
childhood growth (Hall and Wild, 1994). In Kenya, outbreaks of
acute human aﬂatoxicosis occur frequently especially with respect
to maize, the dietary staple to over 85% of the population, and are
well documented (Ngindu et al., 1982; CDC, 2004; Azziz-
Baumgarter, 2005; Lewis et al., 2005). In particular, aﬂatoxin
contamination is more prevalent in the tropical and subtropical
regions due to the warm humid conditions (Choudhary and Sinha,
1993; Cotty et al., 1994). Aﬂatoxigenic fungi may infect the maize
crop before harvest and remain associated with the kernel through
harvesting and storage (Cotty, 1990). Thus, contamination is likely
to continue in the postharvest stage if the produce is not handled or
stored properly to minimize the growth of these fungi (Wilson and
Abramson, 1992).
Chemical-free hermetic storage technologies that have less
destructive impact to environment and human health may offer
safe and cost-effective protection of stored grains against mould
infection and aﬂatoxin contamination (Williams et al., 2014). One
such technology is the Purdue Improved Crop Storage (PICS®)
triple-layer hermetic storage bag which applies a two-layer enve-
lope made of 80 mm thick high density polyethylene (HDPE) liners
inserted in an outer woven polypropylene sack. The HDPE liners
have low permeability to air, and are thus able to secure a modiﬁed
low oxygen and high carbon dioxide atmosphere generated by
respiration of the grain, insects and other life-forms enclosed when
the bag is sealed. This action stops damage of the stored produce by
insect pests (Murdock et al., 2012). A concern regarding hermeti-
cally stored maize, relates to proliferation of moulds leading to
aﬂatoxin contamination because of the possibility of moisture
build-up in the impermeable enclosures during multi-month
storage. Some ﬁndings reported that under hermetic storage,
fungistatic effect is induced when oxygen concentration drops to
1% or below (Richard-Molard, 1988). Other ﬁndings, however, re-
ported that mycotoxigenic fungi can develop in maize samples
(m.c. 13e25.1%) stored in hermetic plastic bags with the potential
risk of contamination with aﬂatoxins and fumonisins (Castellari
et al., 2010). The aim of this study was to investigate the effect of
PICS bag storage on stored maize quality, based on mould prolif-
eration and aﬂatoxin contamination. Mould infection and total
aﬂatoxin levels of maize packed in PICS, PP and jute bags were
compared during long-term storage under farm conditions in an
area that is endemic to aﬂatoxin contamination.
2. Materials and methods
2.1. Trial site, timing and experimental conditions
Storage trials were conducted with individual small-scale
farmers in 9 villages of Kibwezi (1036 M, 02 22.8880S, 37
57.0880E), Machinery (1004 M, 02 54.0780S, 37 28.3370E), and
Makindu divisions (1019 M, 02 18.4640S, 37 49.7720E) in Makueni
County, Eastern Kenya. The trial sitewas selected because it is a hot-spot for aﬂatoxin outbreaks in Kenya. The region receives a bimodal
rainfall pattern in MarcheMay (long rains; harvesting, JulyeAu-
gust) and OctobereDecember (short rains; harvesting, Februar-
yeMarch). The annual rainfall ranges between 200 and 700 mm
while day time temperatures range between 20 and 30 C. The
trials were conducted over a period of 35-weeks beginning May
2014 to February 2015, and covered the typical maize storage cycle
which spans 8e9 months starting shortly after the short rains
harvest season. A total of 33 farmers (3e4 farmers in each village)
who had a harvest of about ﬁve 90 kg bags of maize, and who also
expected to store part of it, were recruited to participate in the
trials. A rapid appraisal using semi-structured questionnaire was
conducted to capture data on storage practices of the farmers.2.2. Materials
One bag of 100 kg of shelled maize grain which had not been
treatedwith insecticide ormixedwith indigenous grain admixtures
(wood ashes, animal dung, and botanical protectants) was pur-
chased from each participating farmer. Each farmer also provided
storage structure in the homestead. Jute and PP bags of 50 kg ca-
pacity were purchased from a grain dealer in Nyamakimamarket in
Nairobi, Kenya. The PICS™ bags (50 kg) were supplied by Lela Agro
Industries Limited (Kano, Nigeria).2.3. Bagging, storage and sampling
Each 100 kg bag of maize was sieved through a 2 mm aperture
sieve to remove any insects, dirt and other debris, and subdivided
into three equal portions by weight. The three portions were
randomly ﬁlled into PICS™, PP or jute bags. An EL-USB-2 data
logger (Lascar electronics Inc., Pennsylvania, USA), programmed to
record data every 1 h, was placed in each of the storage bag to
record the temperature, r.h. and dew point conditions during the
storage period. The bags were then sealed by ﬁrmly twisting the
open end, and fastening with sisal twine, and placed on wooden
planks in the farmer's store. To record the temperature, r.h., and
dew point conditions of the local environment, another EL-USB-2
data logger was placed at an open strategic place in the com-
pound of at least one farmer in each village.
Sampling was done during trial set-up (baseline data) and
subsequently at seven-week intervals. Before opening the PICS
bags, oxygen and carbon dioxide levels were measured using a
portable Mocon Pac Check Model 325 oxygen/carbon dioxide
analyzer (MOCON Inc., Minneapolis, USA) ﬁtted with a 20-gauge
hypodermic needle for sampling inside the bag. To take gas
composition measurements, the inner HDPE liner was punctured
with the analyzer needle at the top, middle and bottom. Needle
holes were then immediately sealed with plastic adhesive tape
after taking the readings. Subsequent measurements were per-
formed from the same spot by lifting and replacing the tape. To
obtain samples for examination of quality parameters, the bags
were opened and a composite sample of 500 g of maize from each
storage bag was drawn from ﬁve random points by pushing a two-
inch diameter hollow tube sampler from the top of the bag. The
500 g sample from each storage bag was thoroughly mixed and
about 125 g sub-sample was randomly separated by coning and
quartering method to be used in determination of total mould
counts and mould incidence levels. The remaining portion of the
sample (about 375 g) was used to determine moisture content after
which it was milled into a ﬁne powder using a laboratory-scale
Knife Mill Cup KM 400 MRC Lab (MRC International, West-
minster, UK). A portion of milled sample (100 g) was drawn and
stored at 15 C awaiting aﬂatoxin analysis.
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A Dickey-John mini GAC® plus moisture tester (DICKEY-john
Corporation, Illinois, USA) calibrated on the basis of U.S. Federal
Grain Inspection Service (FGIS) moisture content meters calibration
was used. Maize grain sample was ﬁlled into the tester cup, levelled
off and the moisture content read directly and recorded.
2.5. Determination of total mould count and mould incidence levels
Total mould count was determined using dilution plating (Pitt
and Hocking, 1997) on Sabourand Dextrose Agar, SDA: (enzymatic
digest of casein 5 g, enzymatic digest of animal tissue 5 g, dextrose
40 g, agar 15 g in 1000 mL distilled water; pH 5.6 ± 0.2 at 25 C)
modiﬁed with 20 mg chloramphenicol (SDA-C). Maize kernels
(10 g) were added in 90 mL of sterilized peptone water in 200 mL
conical ﬂask and mixed thoroughly by shaking. Then, 1 mL was
drawn and added into 9 mL sterile peptone water and serially
diluted to a dilution of 104. Duplicate of 0.1 mL aliquots of 101,
102, 103, and 104 were spread-plated on SDA-C Agar and incu-
bated at 25 C for 3 d. The number of colonies in plates bearing
10e100 were enumerated and reported as number of colony
forming units per gram (cfu/g).
Determination of mould incidence levels was done using direct
plating technique for internal infestation (Pitt and Hocking, 1997)
on Czapek-dox Agar: (Sucrose 30 g, Sodium nitrate 2 g, Dipotassium
phosphate 1 g, Magnesium sulphate 0.5 g, Potassium chloride 0.5 g,
Ferrous sulphate 0.01 g, agar 15 g in 1000 mL distilled water; pH
7.3 ± 0.2 at 25 C). One hundred maize kernels were randomly
taken from each sample. The kernels were surface-sterilized for
2 min in NaOCl (2%) and rinsed twice with sterile distilled water.
The kernels were then plated on Czapek-dox Agar plates (7e10
kernels per plate). The plates were incubated at 25 C for 5 d, and
the number of kernels showing growth of fungal species in each
Petri dish counted. Fungal colonies were then isolated and sub-
cultured on Czapek-dox Agar for 5 d and identiﬁed based on cul-
tural and morphological characteristics as described by Watanabe
(1994). The percentage of grains infected by each fungi species
was calculated to determine their incidence on maize kernels.
2.6. Determination of aﬂatoxin contamination
Ridascreen® ELISA (Enzyme-Linked Immunosorbent Assay) kit
for total Aﬂatoxin (R-Biopharm AG, Darmstadt, Germany) was used
for quantiﬁcation. The preparation procedure was as follows: mil-
led maize samples (2 g) were weighed into a 50 mL screw cup
centrifuge tube and mixed with 10 mL of methanol/distilled water
(70/30 v/v). The mixture was agitated gently on a vortex mixer at
room temperature for 10 min, centrifuged at 3000  g and the
supernatant recovered. The supernatant was diluted appropriately
while ensuring that the ﬁnal extract contained 10% v/v methanol.
Aliquots (50 mL) of the dilute extract and equal volumes of the
calibrated aﬂatoxin standards (0 ppb, 0.05 ppb, 0.15 ppb, 0.45 ppb,
1.35 ppb, and 4.05 ppb) were added in separate duplicate wells of
anti-aﬂatoxin antibody coated microtitre plate. In to each well,
50 mL of enzyme conjugate was added followed by another 50 mL of
antibody solution and mixed gently by tapping the plate manually.
The plate was covered with aluminum foil and incubated for
30 min at room temperature (20e25 C) in a dark cabinet after
which the liquid in the plate wells was poured off and the wells
ﬁlled with 250 mL washing buffer (10 mM phosphate buffer, pH 7.4
containing 0.05% Tween 20). The washing procedure was repeated
twice and the wells semi-dried by tapping the plate gently on
adsorbent paper. A hundred (100) mL of substrate/chromogen so-
lutionwas added to eachwell, and aftermixing gently the platewasincubated for 15 min at room temperature in a dark cabinet
following which 100 mL of stop solution (1 mol/L sulfuric acid) was
added. Absorbance of liquid in each well was measured at 450 nm
using a UT-6100 auto microplate reader (MRC International, UK)
within 20 min of adding the stop solution. Aﬂatoxin concentrations
of samples were determined from a calibration curve prepared
from the known standards.
2.7. Statistical analysis
To stabilize variances mould count and aﬂatoxin data (xÞ were
log transformed ðY ¼ logeðxþ 1ÞÞ whereas percentage data (P)
(moisture content and mould incidence levels) were arcsine
transformed ððY ¼ sin1√PÞÞ, where Y is the result of trans-
formation. The transformed data were then subjected to analysis of
variance (ANOVA) using Stata SE version 12 (StataCorp LP, Texas,
USA). Further due to inherent limitations of ANOVA in describing
difference in progression of variables over time, the analysis of
covariance (ANCOVA) which combines features of both ANOVA and
regression was also applied to test effects of treatment and storage
duration, and the interaction effects. When the coefﬁcient of the
interaction term was signiﬁcant (P < 0.05), it was concluded that
there was a signiﬁcant difference between treatments over the
storage period. One-way ANOVA was performed where treatment
outcomes at a speciﬁc point in storage time needed to be compared.
Means were separated using Bonferroni adjustment at 95% conﬁ-
dence level.
3. Results
3.1. Maize storage practices of farmers
Average maize production of farmers recruited in the present
trial varied widely but majority of farmers (46.7%) harvested be-
tween 11 and 20 bags of 90 kg. At least 30% of the farmers har-
vested more than 20 bags while 23.3% had a small harvest of
between 1 and 10 bags. Prior to shelling and storage, almost three
quarters of the farmers (70%) dried their maize for approximately
one week while 30% of the farmers dried for approximately 1e2
weeks in the sun. However, more than three quarter of farmers
(80%) dried the maize within their homesteads while a small
proportion (20%) dried at the farm and then brought the dried
maize to the homestead. Slightly more than half of the farmers
(53.3%) harvested and stored traditional maize varieties (kinyanya)
whereas 36.7% of the farmers had pure improved varieties. A small
proportion (10%) cultivated both traditional and improved vari-
eties. Most of the farmers (90%) stored their maize as shelled grain
while 10% stored as both dehusked cobs and shelled grain. The
quantity of grain reserved for household consumption varied from
farmer to farmer. More than half of the farmers (63.3%) stored
between 6 and 10 bags, 20% stored between 1 and 5 bags while
16.7% stored more than 10 bags but this primarily was found to be
dependent on household size. About three quarters of farmers
(73.3%) stored maize for a period exceeding 7 months. A small
proportion (26.7%) of farmers stored their maize for a period of less
than 6 months.
Majority of farmers (66.7%) who stored shelled maize packed
the grain in woven PP bags, which were then placed in granaries
(ikumbi), but about a third of the farmers (33.3%) preferred to store
maize in special rooms in the living house. The granaries were
mainly raised structures constructed using wooden slats or sisal
stems with either grass thatch (traditional granaries, 42.1%) or iron
sheet rooﬁng (improved granaries, 57.9%). The special rooms used
formaize storage by the farmers weremainly brickwall roomswith
concrete ﬂoor (100%) but farmers habitually installed raised
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who participated in the storage trial, 60% were aware of aﬂatoxin
poisoning in the area. However, only a small proportion (10%) of
these farmers attributed mould infection to storage losses. This
small proportion of farmers who reported loss due to mould in-
fections noticed mouldy grains during harvesting, drying and
storage, and used it to feed chicken and livestock or disposed it
together with other household wastes. Farmers who participated in
this trial were also aware of good storage sanitation practices. All
the farmers removed the old stock and cleaned their stores before
introducing new harvest.3.2. Moisture content of stored maize
The initial moisture content (m.c.) of maize varied from farmer
to farmer. Three m.c. levels were identiﬁed as follows: m.c.< 13%,
13%  m.c.14%, and m.c.> 14%. Data was clustered into these
initial m.c. levels for purpose of analysis and interpretation. Fig. 1
shows the progression of grain m.c. in PICS, PP, and jute bags over
the 35 weeks of storage. For m.c.< 13%, (n ¼ 7) maize, the average
m.c. was 12.7± 0.1% (range: 12.4e12.9%) at start of experiment.
Maize stored in PICS bags retained this m.c. throughout the storage
time (F ¼ 0.95; df ¼ 5, 36; P ¼ 0.463). Contrastingly, m.c. of maize
stored in PP and jute bags started to decline from the 14th week,
and reached levels that were signiﬁcantly lower than in PICS bags
from the 21st weeks of storage onwards (F ¼ 16.91; df ¼ 2, 18;
P < 0.001). Throughout the entire storage period, m.c. of maize
stored in PP and jute bags were not different (Fig. 1) and the lowest
m.c. levels reached for the two types of bag were 11.1± 0.2% and
10.9± 0.2%, respectively.
For maize stored at initial 13% m.c.14% (n ¼ 13), the average
m.c. at the start of experiment was 13.3± 0.1% (range: 13.0e13.8%).
Maize stored in PICS bags generally retained its m.c. throughout the
storage period (F ¼ 0.58; df ¼ 5, 72; P ¼ 0.712) at about 13.3± 0.1%.
On the contrast, m.c. of maize stored in PP and jute bags started to
decline from the 7th week, and reached levels that were signiﬁ-
cantly lower than in PICS bags from the 14th weeks of storage
onwards (F¼ 9.16; df¼ 2, 36; P < 0.001). Likewise, the m.c. of maize
packed in PP and jute bags did not differ signiﬁcantly throughout
the entire storage period and the lowest m.c. levels attained were
11.7± 0.2% and 11.5± 0.2%, respectively.
The maize with an initial m.c.> 14% (n ¼ 7), had an average m.c.
of 14.4± 0.1% (range: 14.2e15.0%) at start of the experiment. AsFig. 1. Moisture content of maize stored in PICS (,),PP (B) and jute bags (D) at initial moi
Storage trials were conducted in May 2014 to February 2015.with other m.c. levels, maize stored in PICS bags retained its m.c.
throughout the storage period (F ¼ 0.86; df ¼ 5, 36; P ¼ 0.517)
whereas m.c. of maize stored in PP and jute bags continued to
decline reaching levels that were signiﬁcantly lower than in PICS
bags (13.1± 0.3% and 13.3± 0.2% respectively) in the 35th week of
storage (F ¼ 3.72; df ¼ 2, 18; P < 0.045). There was also no signiﬁ-
cant difference in the m.c. of maize stored in PP and jute bags
throughout the entire storage period. ANCOVA tests revealed that
interaction effect between type of bag and storage period was
signiﬁcant for the three m.c. levels (m.c.< 13%: F ¼ 7.57; df ¼ 10,
108; P < 0.001, 13%  m.c.14%: F ¼ 9.61, df ¼ 10, 216, P < 0.001;
m.c.> 14%: F ¼ 2.37; df ¼ 10, 108; P < 0.014).
3.3. Gas composition in PICS bags
Fig. 2 shows the mean oxygen and carbon dioxide concentra-
tions in the PICS bags containing maize at three levels of m.c. From
the atmospheric oxygen and carbon dioxide concentrations, that is,
21% and 0.03% respectively, the oxygen levels in PIC bags containing
maize stored at an initial m.c.< 13%, dropped to 4.7± 0.7% in the
ﬁrst 7 weeks of storage whereas carbon dioxide increased to
11.2± 1.5%. During the rest of storage period, oxygen concentration
increased gradually to 10.6± 0.5% while carbon dioxide averaged
8.7± 0.8% at 35 weeks of storage. Similar trends were observed in
PICS bags containing 13%  m.c.14% maize, where oxygen levels
dropped to 5.2± 0.2% in the ﬁrst 7 weeks of storage while carbon
dioxide increased to 11.0± 0.6%. During the rest of storage period,
oxygen concentration increased gradually and averaged 10.6± 0.4%
while carbon dioxide stabilized at 11.1± 0.7% in 35 weeks of stor-
age. For the maize with an initial m.c.> 14%, oxygen levels dropped
to 4.1± 0.6% while carbon dioxide increased to 10.2± 0.3% in the
ﬁrst 7 weeks of storage. During subsequent weeks of storage oxy-
gen concentration increased gradually to 9.8± 0.4% while carbon
dioxide stabilized at 12.9± 0.8% in 35 weeks of storage. ANCOVA
results showed signiﬁcant differences in oxygen (F ¼ 2.59; df ¼ 10,
144; P < 0.007) and carbon dioxide (F ¼ 2.22; df ¼ 10, 144;
P < 0.019) progression patterns at the three levels of moisture.
3.4. Temperature, relative humidity and dew point condition in
storage bags
Fig. 3 shows mean temperature, r.h. and dew point conditions
prevailing in the trial site and in the storage bags over the 35 weekssture contents of (a) m.c. < 13%, (b) 13%  m.c.  14%, and (c) m.c.> 14% for 35 weeks.
Fig. 2. Oxygen and carbon dioxide levels in PICS bags containing maize grain stored with initial moisture contents of m.c.< 13% (,); 13% m.c.  14%, (B), and m.c. > 14% (D) for
35 weeks. Storage trials were conducted in May 2014 to February 2015.
Fig. 3. Relative humidity, temperature and dew point conditions in the trial site (grey), and relative humidity, temperature and dew point conditions prevailing in PICS (red), PP
(black) and Jute bags (blue) ﬁlled with maize having moisture contents of m.c.< 13%; 13% m.c.14% and m.c.> 14%, and stored for a period of 35 weeks. (For interpretation of the
references to color in this ﬁgure legend, the reader is referred to the web version of this article.)
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were 23.9 ± 3.2 C, 59.9± 11.1% and 15.9 ± 2.2 C, respectively.
These patterns were characterized by wide ranges between 17.2
and 35.2 C (temperature), 24.4e91.5% (r.h.) and 7.9e20.7 C (dew
point). In the storage bags, temperature varied with varying at-
mospheric temperature. For maize stored at initial m.c.< 13%,
average temperature in the PICS bags was 26.1 ± 0.4 C. On the
other hand, temperature prevailing in PP and jute bags averaged29.9 ± 0.2 C and 29.6 ± 0.5 C, respectively. These temperature
conditions were similar to those prevailing in bags containing
maize stored at initial 13%  m.c.14%, which averaged
25.4 ± 0.5 C in PICS bags, 29.1 ± 0.4 C in PP bags and 29.0 ± 0.3 C
in jute bags. Regarding maize stored at initial m.c.> 14%, temper-
ature in the PICS bags averaged 26.1 ± 0.3 C whereas the mean
temperatures were 29.7 ± 0.4 C and 30.1 ± 0.5 C in PP and jute
bags, respectively. Generally, temperature conditions in PICS bags
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Relative humidity in the storage bags also varied considerably.
Fairly steady r.h. levels were maintained in the PICS bags. Relative
humidity of maize packed in the PICS bags at initial m.c.< 13%
increased from 58.7 to 63.8% (mean 61.7± 1.8%) whereas the r.h. in
the PICS bags containing maize at initial 13%  m.c.14% and
m.c.> 14% increased from 62.9 to 68.3% (mean 66.0± 1.9%) and
71.5e80.5%, (mean 76.4± 1.9%), respectively. In each of the three
storage moisture categories, r.h. was higher in PICS bags compared
to PP or jute bags, in which the r.h. decreased steadily, consistent
with declining moisture contents of the maize.
With regard to dew point, the temperature at which moisture
condensation would occur, the maize stored at initial m.c.< 13%
had dew point temperatures below 20 C. These averaged
18.1 ± 0.3 C (range: 14.5e22.5 C) in PICS bags,18.8 ± 0.3 C (range:
14.5e22.6 C) in PP bags, and 18.7 ± 0.4 C (range: 15.1e22.7 C) in
jute bags. Similarly, the mean dew point temperatures in bags
containing maize stored at 13%  m.c.14% were 18.7 ± 0.3 C
(range: 14.6e23.0 C) in PICS bags, 19.0 ± 0.3 C (range:
15.3e24.9 C) in PP bags, 18.7 ± 0.2 C (range: 14.9e24.0 C) in jute
bags. A signiﬁcant difference among the bags occurred in the maize
stored at initial m.c.> 14% where due point temperature exceeded
and remained about 25 C in the PICS bags starting from the
20the21st weeks of storage onwards, suggesting greater likelihood
of moisture to condense at ambient conditions.
3.5. Effect of storage bag on mould infection
Table 1 shows total mould counts on maize stored in PICS, PP,
and jute bags in the three storage moisture levels. At onset, mould
infection was three times higher in maize with m.c.> 14% than the
maize at m.c.< 13%. Throughout the 35 weeks of storage, mould
infection levels did not change signiﬁcantly in the maize stored in
PICS bags at initial m.c.< 13% (F ¼ 0.06; df ¼ 5, 36; P ¼ 0.997) and
13%m.c.14% (F¼ 0.13; df¼ 5, 72; P¼ 0.985). In contrast, mould
count in PP and jute bags increased up to six-fold reaching levels
that were signiﬁcantly higher than in PICS bags (m.c.< 13%:
F ¼ 4.51; df ¼ 2, 18; P ¼ 0.025; 13%  m.c.14%: F ¼ 10.32; df ¼ 2,
36; P ¼ 0.003) at the end of storage. For maize having m.c.> 14%,
the total mould counts were not signiﬁcantly different in the
various storage bags (F ¼ 1.97; df ¼ 2, 18; P ¼ 0.169).
Moulds of the genera Aspergillus, Fusarium, and Pencilliumwere
isolated at higher frequencies. Fig. 4 shows the internal mould
incidence levels in different storage bags on maize containing
initial moisture of 13%m.c.14%. Interaction effect between type
Table 1
Total mould counts (103 cfu/g) of maize grain stored in PP, jute and PICS bags for 35
weeks.
Treatment Storage duration (weeks)
0 7 14 21 28 35
m.c.< 13%
PICS 19.4a 19.0a 19.2a 20.4a 22.1a 21.6a
PP 19.4a 45.1a 59.8b 74.1b 91.4b 126.3b
Jute 19.4a 62.2a 70.7b 93.2b 99.2b 115.6b
13%  m.c. 14%
PICS 31.6a 34.3a 30.6a 29.1a 31.8a 25.8a
PP 31.6a 46.2a 66.7a 77.2b 111.3b 119.6b
Jute 31.6a 57.1a 68.7a 99.5b 121.2b 154.0b
m.c> 14%
PICS 59.8a 65.9a 47.6a 67.9a 105.7a 160.3a
PP 59.8a 88.7a 111.4b 162.1b 178.5b 201.4a
Jute 59.8a 89.8a 122.9b 132.7b 198.5b 215.7a
Data are means values (m.c. < 13% n ¼ 7, 13%m.c. 14% n ¼ 13, m.c.> 14% n ¼ 7).
Entries in the same column followed by same letters are not signiﬁcantly different
(P > 0.05). Means were separated using Bonferroni adjustment. Storage was con-
ducted between May 2014 and February 2015.of bag and storage duration was signiﬁcant for Aspergillus spp.
(F ¼ 2.31; df ¼ 10, 162; P ¼ 0.014) and Pencillium spp. (F ¼ 3.30;
df ¼ 10, 162; P < 0.001). In the PICS bags, incidences of Aspergillus
spp. (9e16%) and Penicillium spp. (3e6%) did not change signiﬁ-
cantly with storage time (F ¼ 0.60; df ¼ 5, 54; P ¼ 0.699; F ¼ 0.48;
df ¼ 5, 54; P ¼ 0.790). In the PP and jute bags, however, incidence
levels increased up to ﬁve-fold (Aspergillus spp.) and seven-fold
(Penicillium spp.), and reached signiﬁcantly higher incidence
levels than in PICS bags at the end of storage period (F ¼ 11.12;
df ¼ 2, 27; P ¼ 0.003; F ¼ 21.37; df ¼ 2, 27; P < 0.001). For Fusarium
spp. there was no signiﬁcant interaction effect between type of bag
and storage duration (F ¼ 1.36; df ¼ 10, 162; P ¼ 0.202). Further
analysis of the main effects showed that both storage duration
(P¼ 0.004) and the type of storage bag (P¼ 0.007) were signiﬁcant.
3.6. Effect of storage bag on aﬂatoxin contamination
The results of aﬂatoxin contamination are presented in Table 2.
For maize stored at initial m.c.< 13%, interaction effect between
storage duration and storage bag was not signiﬁcant (F ¼ 0.54;
df¼ 6, 72; P¼ 0.799). However, analysis of the main effects showed
that storage duration (F¼ 3.13; df¼ 3, 80; P¼ 0.040) and the type of
storage bag (F ¼ 11.07; df ¼ 2, 81; P ¼ 0.001) were signiﬁcant. For
the maize stored at 13%m.c.14%, a signiﬁcant interaction effect
between type of bag and storage duration was observed (F ¼ 2.47;
df ¼ 6, 144; P ¼ 0.026), and as with maize stored at m.c. < 13%, no
signiﬁcant change in aﬂatoxin contamination was noticed in the
PICS bags throughout the 35 weeks of storage (F ¼ 0.24; df ¼ 3, 48;
P ¼ 0.865). In contrast, aﬂatoxin contamination increased in PP and
jute bags and reached levels that were signiﬁcantly higher than in
PICS bags from the 14th week onwards. In addition, aﬂatoxin
contamination levels in PP and jute bags did not differ signiﬁcantly
(Table 2). In maize stored at initial m.c.> 14%, interaction effect
between the type of bag and storage duration was not signiﬁcant
(F¼ 0.14; df¼ 6, 72; P¼ 0.991). Analysis of the main effects showed
that storage duration was signiﬁcant (P < 0.001) but the type of
storage bag was not (P ¼ 0.525). Thus, aﬂatoxin contamination
increased signiﬁcantly with storage time (PICS: F¼ 4.60; df¼ 3, 25;
P ¼ 0.011; PP: F ¼ 4.91; df ¼ 3, 24; P ¼ 0.008; jute: F ¼ 3.52; df ¼ 3,
24; P ¼ 0.030) but did not signiﬁcantly differ with type of storage
bag (F ¼ 0.48; df ¼ 2, 81; P ¼ 0.621).
Overall, there was a signiﬁcant correlation between aﬂatoxin
contaminations and total mould count (r ¼ 0.677; P ¼ 0.001),
incidence of Aspergillus spp. (r¼ 0.640; P¼ 0.001), and incidence of
Penicillium spp. (r ¼ 0.298; P ¼ 0.002). Also a signiﬁcant correlation
was found between total mould count and incidences of Aspergillus
spp. (r ¼ 0.802; P ¼ 0.001) and Penicillium spp. (r ¼ 0.339;
P ¼ 0.001).
4. Discussion
In many rural villages, small-scale farmers store varying quan-
tities of grain for subsistence and other reasons. Farmer practices,
storage duration and storage structures have been linked with
aﬂatoxin contamination of maize (Hell, 1997). In the present study,
virtually all farmers relied on ordinary drying in the sun which was
done by exposing the dehusked cobs on bare ground, sometimes on
the farm. Sun drying, is slow in case of inadequate sunshine or
intermittent exposure, and could expose the maize to saprophytic
fungal inoculums surviving in the soil or on decaying crop residues if
done on unprotected ground. Typical storage periods were found to
be long and some farmers stored the maize in living houses. Longer
storage periods are linked to high mould and aﬂatoxin incidence
(Hell et al., 2000; Kaaya and Kyamuhangire, 2006) whereas poor
ventilation in living houses is associated with humid and warm
Fig. 4. Percentage incidence levels of moulds that were frequently isolated in maize grain (13%  m.c.  14%) stored in PP, jute and PICS bags for 35 weeks: Aspergillus spp. (a);
Fusarium spp. (b); Penicillium spp. (c).
Table 2
Total aﬂatoxin concentration (mg/kg) of maize grain stored in PP, jute and PICS bags
for 35 weeks.
Treatment Storage duration (weeks)
0 14 28 35
m.c.< 13%
PICS 62.6 ± 13.2a 50.7 ± 14.5a 51.7 ± 12.7a 53.3 ± 15.7a
PP 62.6 ± 13.2a 158.5 ± 57.9b 182.8 ± 65.1b 306.8 ± 116.3b
Jute 62.6 ± 13.2a 221.5 ± 73.8b 253.5 ± 71.8b 393.8 ± 132.4b
13%  m.c. 14%
PICS 64.7 ± 17.5a 66.9 ± 18.4a 48.9 ± 15.2a 59.1 ± 14.3a
PP 64.7 ± 17.5a 143.5 ± 37.3b 201.8 ± 51.8b 414.9 ± 134.4b
Jute 64.7 ± 17.5a 167.2 ± 39.5b 211.9 ± 49.8b 492.7 ± 141.9b
m.c.> 14%
PICS 107.2 ± 39.3a 89.6 ± 29.4a 254.6 ± 94.7a 630.9 ± 158.6a
PP 107.2 ± 39.3a 159.7 ± 34.6a 354.5 ± 117.4a 864.4 ± 208.6a
Jute 107.2 ± 39.3a 177.5 ± 49.6a 407.9 ± 127.8a 823.5 ± 198.5a
Data are means ± standard errors (m.c.< 13% n ¼ 7, 13%  m.c. 14% n ¼ 13,
m.c.> 14% n ¼ 7). Entries in the same column followed by same letters are not
signiﬁcantly different (P > 0.05). Means were separated using Bonferroni adjust-
ment. Storage was conducted between May 2014 and February 2015.
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malpractices such as failure to separate chaff or visibly mouldy
grains, and poor store sanitation practices could encourage mould
infection. Whereas farmers who participated in this trial reported
being aware of good storage hygiene and cleaned their stores before
introducing newly harvested maize, we did not verify the hygiene
status of storage structures as this was beyond our scope.
Grainmoisture is an important factor that needs to be controlled
when storing maize in hermetic containers. From farmer to farmer,
the initial moisture content of maize varied (12.4e15.0%), and was
above 14% for slightly more than a quarter of the farmers recruited
in this study. The reason for this variation is that many farmers lack
tools for objective veriﬁcation of grain moisture before or during
storage. Instead farmers rely on subjective judgements such as the
rattling sound of grains or hardness of the germ. For short-term
storage, moisture of 14% is considered safe, but moisture content
of 13.5% or below is recommend for long-term storage of maize
(KEBS, 2014). On the one hand, many farmers are accustomed to
storingmaize inwoven PP and jute bags. These bags allow the grain
to continue drying during storage although excessive drying could
translate to economic loss due to loss of sellable weight (Compton
et al., 1998). We observed that the moisture content of maize stored
in PP and jute bags decreased with time due the low moisture
barrier properties of the bags considering that the trial proceeded
during the dry weather season. Similarly, Baoua et al. (2014) in
storage trials involving traders, marketing cooperatives, private
seed companies, and private food processors reported on average24% m.c. loss of maize stored in woven bags as compared to maize
stored in PICS bags for 6.5 months. During a two months laboratory
trial, Williams et al. (2014) observed moisture loss on maize stored
in woven bags as compared to maize stored in PICS bags and
attributed this to dry environment of the room in which they were
stored. An important observation, however, is that the ﬁnal mois-
ture content reachedwas dependent on the initial moisture content
of the grain, implying that safe storage moisture level may not be
reached so rapidly where moisture of the grain at storage is too
high. A protracted drying period can increase the likelihood of
deterioration since both ﬁeld and storage fungi can proliferate
during this period and contaminate the maize with mycotoxins. In
other instances, where r.h. of ambient air is high, dried maize may
gain moisture when stored in PP and jute bags. Other factors that
can cause moisture gain are high insect activity and heavy fungal
growth especially on insect damaged grains due to breakdown of
organic matter to yield carbon dioxide, heat, and water as reported
by Compton et al. (1998) and Njoroge et al. (2014). Maize stored in
PICS bags neither gained nor lost moisture content except later in
storage when the grain moisture was higher than 14%. In the latter,
the moisture gain could have been due to fungal growth during
later stages of storage.
With regard to oxygen and carbon dioxide levels in the PICS
bags, extremely low oxygen levels were not attained unlike in some
other studies (Murdock et al., 2012; Baoua et al., 2013; Williams
et al., 2014). It has been argued that low oxygen and high carbon
dioxide levels in hermetic storage systems could control mould
proliferation (Richard-Molard, 1988; Williams et al., 2014). The
drop in oxygen and rise in carbon dioxide observed when maize
was stored in PICS bags was as the result of aerobic metabolism of
life forms enclosed together with the maize (Murdock et al., 2012)
and could be inﬂuenced by elements of the storage system such as
insect populations, moisture content of grain, fungal inoculums,
quality of the grain, and gas-tightness of the hermetic package
(Moreno-Martinez et al., 2000). Thus oxygen depletion and carbon
dioxide build-up may be slow in grains that are well dried, and free
from insects and moulds. However, oxygen and carbon dioxide
levels of about 4e5% and 10e11% respectively were evident during
the ﬁrst 7 weeks of storage in the three levels of m.c., reaching
concentrations of 5.4e9.4% and 8.5e12.2%, respectively, in 28
weeks (9.8e10.6% and 8.7e12.8%, respectively, in 35 weeks). These
results compare closely with those of Baoua et al. (2014) who re-
ported oxygen and carbon dioxide concentrations of 6.1e12.4% and
3.1e7.7%, respectively, in PICS bags packed with naturally infested
maize stored at 10.3e13.5% moisture content for 6.5 months in
storage trials involving traders, marketing cooperatives, private
seed companies, and private food processors. Williams et al. (2014)
reported lack of signiﬁcant oxygen depletion in maize stored at
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of 15, 18, and 21% during one month storage in PICS bags, indicating
the role of grain moisture. Similarly, Murdock et al. (2012),
observed a rapid drop in oxygen levels to about 1e2% with a
concomitant rise in carbon dioxide to 9% within 24 h of closing PICS
bags ﬁlled with highly infested cowpeas. Seemingly, however, as
observed in our results, the modiﬁed gas conditions in the bags
could be lost overtime. A similar observationwas reported by Baoua
et al. (2012a) where oxygen levels dropped to range 2e3% within
12 d before gradually rising to 12e15%, while carbon dioxide rose to
5% before gradually decreasing again. It is reasoned that during
protracted storage, oxidative metabolism is severely attenuated,
and as oxygen consumption drops, the concentration of oxygen
around individual grains tends to increase as air proceeds to leak
slowly through the partially impermeable HDPE liners following
concentration gradient (Baoua et al., 2012b). Thus, carbon dioxide
and oxygen concentrations in the hermetic bags were dependent
on the balance between respiration, the entrance of external oxy-
gen to the system, and the loss of carbon dioxide to the ambient air.
It was expected that packing maize in PICS bags would alter the
course of mould proliferation by creating a modiﬁed storagemicro-
environment. High mould counts were determined in all maize
samples at the onset of the storage trials. This observation might be
related to an interaction between the ubiquitous nature of fungi
associated with maize and agro-climatic conditions of the trial site.
The fungi usually form sclerotia that allow saprophytic survival for
extended periods in the soil, maize residue and maize cobs
(Wagacha and Muthomi, 2008), while high temperatures and drier
conditions in semi-arid areas predispose maize to mould infections
at pre-harvest stage in the ﬁeld and post-harvest stage during
storage (Okoth et al., 2012). Moreover, maize grains that are inter-
nally infected with fungi, when left to germinate, could give rise to
plants that are internally infected with the same fungi (Mycock
et al., 1992). The present trials demonstrated that maize stored in
PICS bags with m.c.< 14% can be successfully kept without further
mould infection during typical storage periods in rural households.
Mould infection on maize stored in PP and jute bags, nevertheless,
increasedwith increasing storage duration irrespective of the initial
storage moisture. Magan and Lacey (1988) observed that mycoﬂora
development in stored cereals is inﬂuenced by environmental
factors, especially temperature, aW and gas atmosphere. In present
study maize stored in PICS bags with m.c.14% did not show an
increase in mould infection although it is unlikely that the oxygen/
carbon dioxide environment achieved in the PICS bags could inhibit
mould development. According to Richard-Molard (1988) fungi-
static effect is induced when oxygen concentration drops to 1% or
below. Early works by Magan and Lacey (1984) reported that
decreasing oxygen to <0.14% is required before mould growth can
be substantially reduced and increasing carbon dioxide to >50% is
required for inhibition of mycelial growth. Other studies also re-
ported the effect of modiﬁed atmospheres in controlling fungal
growth and mycotoxin production in stored products (Dixon and
Kell, 1989; Ellis et al., 1993). Studies on modiﬁed atmospheres
with different carbon dioxide levels balanced with oxygen and ni-
trogen showed that A. ﬂavus grew onwheat and rye with up to 75%
carbon dioxide (Suhr and Nielsen, 2005). On maize, Giorni et al.
(2008) indicted that treatment with 25% carbon dioxide reduced
A. ﬂavus development, but at least 50% carbon dioxide was neces-
sary to reduce aﬂatoxin synthesis.
Fungi of the genera Aspergillus, Fusarium and Pencillium were
frequently isolated. Of the three genera, Aspergillus had the highest
frequency of isolation in the three bag types. According to Abbas
(2005), fungi of the genera Aspergillus and Pencillium are often
classiﬁed as storage fungi that can survive and grow on a variety of
substrates and under a wide range of environmental conditions.The two mould spp. increased during storage in PP and jute bags
but not in PICS bags. Infection by the genus Fusarium decreased
during storage. Fandohan et al. (2005) noted that genus Fusarium
generally may decrease with duration of storage as moisture con-
tent and aW of the grain declines. Previously, Bii et al. (2012) found
that moulds belonging to the genus Aspergillus were most
frequently isolated (35.8%) in Eastern Kenya. Other genera
including Fusarium, penicillium, and Rhizopus were isolated at fre-
quencies of 15.5%, 9.2%, and 5.3%, respectively. In a similar study,
Muthomi et al. (2012) reported high incidence levels of Aspergillus
species isolated from soil samples, whole maize grain, and maize
products in the Eastern region of Kenya. The pervasive nature of
Aspergillus spp. and their high ability to colonize diverse substrates
(Muthomi et al., 2009) may be reason for high occurrence in the
maize samples.
In order to minimize mould proliferation, m.c. of maize to be
packed in PICS bags should not exceed 14%. For long term storage,
m.c. of 13e13.5% is recommended (KEBS, 2014) to avoid mould
growth. However, a better indicator of the likelihood for moulds to
colonize stored products is aW which, in addition to m.c., is related
to temperature (Mahmoud et al., 1992). Water activity (aW) is a
measure of the fraction of water content which is free and therefore
available for fungal growth (Reichmuth, 2008), and is equivalent to
equilibrium relative humidity expressed as a fraction. The growth
limit for most fungi during storage of durable products is aW of
0.65e0.70 (Reichmuth, 2008). For maize at 26 C, the average
temperature recorded in the PICS bags, aW of 0.7 corresponds to
moisture content of 14% (ASAE, 1995), although slight variations
may occur depending on variety. Relative humidity in PICS bags
packed with maize at m.c. of 14% or less, did not exceed 70% (Fig. 3).
The r.h. measured in the bags may be regarded as the equilibrium
r.h. or aW of the enclosed maize. Accordingly, mould counts on
maize in these bags did not increase as aW did not exceed 0.7.
However, for the PICS bags packed with maize at an initial
m.c> 14% the r.h. exceeded 70% (71.5e80.5%; Fig. 3) representing
aW> 0.7. This explains the steady increase in mould infection. Lacey
and Magan (1991) reported that commodities stored at r.h.> 75%
and m.c.> 15% are susceptible to fungal attack within normal
storage time. Moreover, studies have shown that the less xeroto-
lerant fungi such as A. ochraceous and A. versicolor also begin to
grow at moisture of 14% thus increasing mould infection (Wilson
and Abramson, 1992).
A main observation made during this trial was the high insect
population and damage of maize stored in the PP and jute bags by
insects. The results are published elsewhere (Ng'ang'a et al., 2016).
Insects' role in mould infection of stored maize was reviewed
extensively; they are able to physically disseminate conidia in
stored grain lots during movement and feeding, and also deposit
them via defecation (Barry, 1987; Diener et al., 1987). Furthermore,
damage inﬂicted by feeding insects, and the heat and moisture
generated could enhance mould growth (Wright, 1992). These
reasons related to profuse insect activity probably explain the in-
crease in total mould count on maize stored in PP and jute bags
even when m.c. was within the limit for safe storage, that is, below
14%. Moreno-Martinez et al. (2000) also reported low A spergillus
chevalieli invasion on maize stored in hermetic containers as
compared to maize stored in non-hermetic ones, and attributed the
difference to high insect activity in the non-hermetic containers.
Similar to mould infection, initial aﬂatoxin contamination of
maize quantiﬁed in this study was high, suggesting ﬁeld or pre-
storage contamination. In maize agro-ecological zones character-
ized by dry hot seasons such as in the present study area, spore
populations of A. ﬂavus increase on crop debris leading to high
levels of mould propagules in the air (Wilson and Payne, 1994).
Thus, heavy A. ﬂavus innoculums may have been introduced to the
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Drought stress and delayed harvesting also increase the risk of ﬁeld
contamination with aﬂatoxins (Wagacha and Muthomi, 2008).
However, our ﬁndings demonstrate that PICS bags can prevent
further aﬂatoxin accumulation in maize during postharvest storage
provided the maize is dried to below 14% m.c. Das et al. (2012)
noted that A. ﬂavus is a mesophilic fungus which grows optimally
at a temperature of 30 C and r.h. above 80%. Lacey and Magan
(1991) stated that the minimum aW for germination and growth
of A. ﬂavus is 0.78 which corresponds tom.c. of 16% at 27 C or 15.5%
at 32 C. Other researchers, (Fernandez-Pinto et al., 1991) observed
that minimal aﬂatoxin production by A. ﬂavus occurred at aW of
0.85 when temperature is about 20 C, while maximum toxin
production required aW of 0.95 and temperature of 35 C. Likewise,
Faraj et al. (1991) reported maximal colony growth of A. ﬂavus and
aﬂatoxin production at 30 C and 0.98 aW, suggesting that a com-
bination of fairly warm and humid conditions is necessary. Even-
tually, in the PICS bags, aﬂatoxin accumulation was observed when
moisture of stored maize exceeded 14% in which r.h. and temper-
ature in the bags averaged 76% (71.5e80.5%; Fig. 3) and 26 C,
respectively. According to Sumner and Lee (2012) development of
the aﬂatoxin-producingmoulds usually stops whenmoisture of the
maize is below 12e13.5% and aW is below 0.70. While aﬂatoxin
accumulationwas not observed in maize stored in PICS bags at m.c.
of 14% or below, for the maize stored in PP and jute bags containing
similar m.c. the aﬂatoxin accumulation was observed probably
because of the inﬂuence of insect infestation in these bags
(Ng'ang'a et al., 2016). Wilson and Abramson (1992) indicated that
pest activity may increase the extent of aﬂatoxin contamination as
insects break the physical integrity of grains, and could create
localised spots of high moisture and temperature in the grain lot.
Other earlier studies also associated insect damaged maize with
increased risk of aﬂatoxin contamination (Diener et al., 1987;
Mcmillian et al., 1987; Sinha and Sinha, 1991). Our results concur
with the ﬁndings of Baoua et al. (2014) inWest Africa, who reported
lower levels of aﬂatoxin in 10e13.5% m.c. maize stored in PICS bags
as compared to PP bags.
5. Conclusion
Storage losses due to insect pest infestations andmould infection
are a serious problem that threatens the food security, nutrition, and
livelihood of rural farmers who rely on traditional storage systems.
As a storage solution, hermetic technologies are being promoted;
they do not require use of chemicals, although fears abound
regarding their moisture barrier properties that could affect quality
and safety of the stored grain. This study has demonstrated that
triple layer hermetic (PICS) bags are capable of maintaining the
quality of maize with respect to mould and aﬂatoxin contamination
so long as the storage moisture does not exceed 14%. Pre-storage
precautions should thus emphasize proper drying and training or
provision of grain moisture veriﬁcation tools, as the subjective
methods used for by some farmers may not be accurate.
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